Motivating individuals to engage in physical activity due to its beneficial health effects has been an integral part of Scotland's health policy agenda. The current Scottish physical activity guideline recommends that individuals participate in physical activity of moderate vigour for a total of 30 minutes at least five times per week. For an individual contemplating the recommendation, decisions have to be made in regard to (i) whether to participate in KEY MESSAGES 1. Time and financial constraints are significant barriers to sports participation 2. Sports participation has a reducing effect on BMI 3. Sport undertaken with high vigour has an additional reducing effect on BMI HERU is supported by the Chief Scientist Office (CSO) of the Scottish Government Health Directorates (SGHD) and the University of Aberdeen. The views expressed here are not necessarily those of the CSO MODELLING THE PARTICIPATION DECISION AND DURATION OF SPORTING ACTIVITY IN SCOTLAND physical activity, and if so (ii) with what intensity, (iii) for how long, and (iv) how often. For the policy maker, understanding the factors influencing each decision will assist in designing interventions to achieve the recommendation. This is the focus of analysis. Whilst physical activities can be carried out during work, home, and leisure time, we focus on sporting activities undertaken during leisure time.
Data
Data were taken from the 2003 Scottish Health Survey. The estimation sample comprises 4,380 adults aged between 16 and 64 years with a Body Mass Index (BMI) between 20 and 40, of whom 2,327 report that they have engaged in sporting activities during the four week period prior to interview. These data are summarised in terms of the Scottish policy recommendation components: total time involvement, number of events, and the intensity at which sporting activities were undertaken (for details see [1] ).
Methods
We model jointly the likelihood to participate in sporting activity and, contingent upon participation, sporting activity duration lengths (details of the econometric methods used can be found in [1, 2] ). We control for intensity and frequency, alongside other factors including demographic, economic, lifestyle and health-related determinants. Predictions generated from the model are subsequently used in conjunction with regression analysis to compare the effect of interventions designed to increase the vigour with which individuals undertake sport, relating it to BMI as a health indicator. Table 1 summarises the main results for the joint model of participation and duration. The significant θ value confirms that participation and duration should be modelled jointly. The Kendall τ statistic indicates a positive association; the stronger the propensity to participate in sports, the longer sporting duration.
Results

Main analysis of participation and duration
The results suggest sports participation significantly reduces with increasing age; as does duration length. Men are more likely to participate relative to women and have longer sporting durations. Household characteristics, such as the presence of infants, impact negatively on sports participation and duration length. Married individuals are less likely to participate relative to non-married individuals and, conditional on participation, have shorter duration compared to singles. Both of these factors may point to time constraints arising from the competing demands of family life. Low income is shown to be a significant barrier to sports participation in the sample whilst higher educated individuals have a greater propensity to participate in sports. This may be due in part to the more educated being better aware of the beneficial health effects of sports participation relative to the uneducated. The employed are less likely to participate in sports relative to the retired and unemployed implying that time constraints may pose a significant deterrent to participation. Lifestyle factors significantly affect participation and duration. Smoking has the anticipated negative effect on both, while higher levels of alcohol consumption have an increasing effect. This latter result refutes the belief that individuals consuming high levels of alcohol do not invest in their health. The result may be interpreted as sports encouraging social networks, especially team sports, or that an unhealthy behaviour may be compensated for by vigorously pursuing another healthy behaviour. A healthy diet score significantly increases the likelihood of participation in sports but has no significant impact on duration. Hours watching television impacts negatively on sports participation and, conditional on participation, duration length. Neighbourhood effects, proxied by the average hours of sporting activity and average BMI in the health board the respondent lives in, reveal active and healthy neighbourhoods to have positive participation and duration effects. As expected, individuals in good health are more likely to participate in sport activities of higher duration length, with the effect diminishing as general health declines. Finally, individuals undertaking sports with low vigour have higher duration length relative to those exercising with moderate or high vigour. This is expected as moderate and vigorous activity also implies that 'burn out' sets in after a shorter period of time.
Aspects of the guideline are assessed by examining the implications on durations resulting from shifting participants from low to higher degrees of vigour associated with their sporting activity. For example, the model predicts durations for low vigour of 2.5, for moderate vigour of 1.0 and for high vigour of 1.2 hours per week for a male aged between 35 and 44, married with no children and in very good health undertaking one sporting event per week. For participants the increase in vigour from low to higher degrees of vigour results in a decrease in sporting duration, bringing this representative individual below the recommended duration per week. Hence, the example shows large trade-offs between duration and increases in vigour. In this case, the individual would need to be motivated to bolster the number of events undertaken to maintain the recommendation. 
Discussion
We examined the link between sporting participation and duration motivated by the premise that the two components cannot be studied independently of one another. The findings provide significant evidence that the two components are associated with the direction of the association being positive. The results reveal participation and duration to be significantly affected by age, gender, economic, household and lifestyle characteristics. The analysis further finds significant health improvements in terms of BMI from sports participation and sports performed at a high degree of vigour. From a policy point of view this suggests that encouraging participation in sports should take first priority. Barriers to participation have been found to relate to income and time constraints. Low household income was revealed to significantly reduce participation whilst those in employment are less likely to participate relative to those retired or unemployed. This may reflect the higher opportunity cost of time of individuals in employment. Being married as well as the presence of infants also impacts negatively on participation which may be reflective of the competing demands of family commitments. Policies directed at inducing sports participation should therefore aim to reduce the financial inaccessibility of sports to low income earners and address how time constraints may be overcome. Second, policies should also reflect the additional health benefits from exercising vigorously.
